This paper gives a detailed analysis of Greek language elements in sponge terminology and nomenclature, thus contributing to its comprehension by the scientists working on sponge biology and enlightening the extensive contribution of the Greek language to zoological terminology. The contemporary terminology of sponge morphology and the taxa names of the three living classes of the phylum Porifera, down to the genus level, were recorded and examined for their possible Greek origin. The analysis of the recorded material showed that 67% of the morphological terms and 78% of the taxa names were formed from Greek elements. Different patterns of term and name formation were revealed. Detailed etymological analysis is presented for all morphological terms and suprageneric taxa names built of Greek elements. The Greek words used for the formation of terms and names are listed and their English translation is given. More than 70% of the Greek words found were used only once to form terms or taxa names. The contribution of the Greek element in sponge nomenclature in all decades from 1759 up to the present was > 65%, with a slightly decreasing trend during the last two decades.
INTRODUCTION
Beyond all doubt, English is today an international language, the largest of all occidental languages, significantly facilitating educated people to communicate. English vocabulary has a mixed character, more than half of it having been derived from Latin and a conspicuous part having been borrowed, directly or indirectly, from Greek and other languages (e.g. Baugh & Cable, 1978; Ayers, 1986; Morwood & Warman, 2002) . Ayers (1986) claims that, if one considers as loan words all the words borrowed from other languages in more or less modified form, then > 80% of the English vocabulary consists of loan words. This assimilation of heterogeneous elements created such a cosmopolitan vocabulary that only the professional student of language is aware of its origin.
Although the contribution of Greek in the vocabulary of common English seems relatively small, it is actually much higher if we take into account that many Greek words entered English indirectly by way of Latin. This, according to Ayers (1986) , is one of the three ways in which words of Greek origin entered English in addition to direct borrowing from Greek writers and the formation *All correspondence: E. Voultsiadou, Department of Zoology, School of Biology, Aristotle University of Thessaloniki, GR-54124 Thessaloniki, Greece. E-mail: elvoults@bio.auth.gr of new words by combining Greek elements, especially in the case of scientific terms.
In his valuable treatise on the composition of scientific terms, Brown (1979) claims that they originate mainly by adopting elements directly from Greek, Latin and other languages with appropriate modifications in spelling, or by compounding and affixing the borrowed words. A very large number of words of Greek origin is used in the terminology of science and technology (Konstantinidis, 2001 ). This author claims that Greek words contribute 57% of English scientific terminology. This percentage is a little higher in the zoological nomenclature because many authors, especially those in the late 19th and the early 20th century, used words of Greek origin to construct the latinized taxa names. Unfortunately, the exact origin of the names used is scarcely given.
The phylum Porifera, having itself a name of Greek origin (πóρoς = passage + ϕέρω = bear), consists of the sponges, the first written records of which have been given for the Aegean Sea by Homer and Aristotle. Sponges are among the most highly diverse and successful of the 28 aquatic invertebrate phyla, both in terms of the numbers of species (about 7000 extant species are currently described) and their range of morphological characters (Hooper & van Soest, 2002) . The potential use of sponges as sources of therapeutic drugs has recently brought them to high scientific interest (e.g. Proksch, Edrada & Ehel, 2002; Belarbi et al., 2003) .
A review of the sponge fauna of the Aegean Sea (Voultsiadou, 2005) showed that up to the present, 200 sponge species have been reported from this area. Among them there are several rare (Voultsiadou & Vafidis, 2004) or new species, such as Hemiasterella aristoteliana (Voultsiadou-Koukoura & van Soest, 1991a) , Phorbas posidoni (Voultsiadou-Koukoura & van Soest, 1991b) and Coscinoderma sporadense (Voultsiadou-Koukoura, van Soest & Koukouras, 1991) , which were given names of Greek origin. During this research, the subject of the Greek elements in sponge terminology was encountered and the difficulties that might arise for scientists not speaking the Greek language. English-speaking specialists, for instance, often have difficulty in understanding the terms or names they use, and they may just memorize their meaning or search for definitions. This problem is more intense with terms of Greek origin than with those of Latin, since many Latin elements are incorporated into common English words. Sponge taxonomists may be anaware that the name Aplysina declares the inability of a sponge to be cleaned or washed as bath sponges can be, for it is derived from the Greek word for 'uncleanliness' (α , πλυσία), or that the name Petrosia describes its stony texture (πέτρα = stone). Moreover, a scientist with a classical Greek education can easily understand the real meaning of a plethora of terms used in sponge morphology and anatomy, without descriptions or drawings just by reading them: 'pycnaster' (an aster with dense rays), 'cyrtancistra' (a bowed hook), 'trichodragma' (a handful of hairy needles), 'brachycome' (short hair), are a few examples. However, even modern Greek-speaking biologists sometimes have difficulties since they are not necessarily familiar with classical Greek. So, etymology can sometimes be the missing 'key' to sponge taxonomy, especially for young scientists working in this field. We thought that it would be useful for scientists working with sponges, either biologists or chemists, to trace the origins of sponge terminology and nomenclature thus improving the comprehension of the vocabulary they use in their research. Considering this, the purpose of the present work was to give a detailed analysis of Greek language elements in sponge terminology and nomenclature. Moreover, the data given in this paper may serve as an example of the extensive contribution of the Greek language to zoological terminology and furthermore to modern science.
METHODS
In order to approach sponge terminology and nomenclature, the most recent and valid relevant publications were reviewed. The monograph Thesaurus of sponge morphology (Boury-Esnault & Rützler, 1997) , which establishes a standard terminology and gives precise definitions, was used to record all the valid terms on sponge morphology. The huge recent work Systema Porifera (Hooper & van Soest, 2002) , in which the supraspecific classification of the phylum has been summarized and revised, was searched to record taxa names. This recording included all taxa names (living and fossil) of the 3 living classes of the phylum Porifera, down to the family level and the generic names for all living taxa. The authors of all taxa names and the years of their establishment were also recorded. Terms or taxa names rejected by spongologists, though previously used, were not examined although many of them did have a Greek origin. General zoological terms applied to sponges were not taken into account.
All the collected items were examined for their possible Greek origin using dictionaries such as: The ecumenical dimension of the Greek language (Konstantinidis, 2001) , A Latin dictionary (Lewis & Short, 2002) , The Great dictionary of Greek language (Liddell & Scott), Composition of scientific words (crossreference lexicon) (Brown, 1979) , English dictionary (Collins), The interpretative and etymological lexicon of Greek language (in Encyclopedia Papyros, Larousse, Britannica), Dictionary and thesaurus (Webster's New World), etc. Old works on sponge systematics, such as those by Schmidt (1862 Schmidt ( , 1864 and Sollas (1888) were used to trace the real meaning of some terms or names. Various general zoological books were also consulted.
The terms or taxa names taken into account as having a Greek origin were those made of Greek roots, appearing in the examined texts either as integral words or participating in compound words as prefixes, bases or suffixes. Terms consisting exclusively of Greek elements were denoted 'Greek', whereas, those having a mixed origin, including at least one Greek element, were denoted 'hybrid' words (see Brown, 1979) . All terms were listed in separate categories according to their application in the different sponge biology fields (e.g. external morphology, anatomy, reproduction, spicule types, order names, family names) and taxa names in the different classes of the phylum Porifera (i.e. Calcarea, Demospongiae, Hyallospongiae). Detailed etymological analysis is presented for all the analysed material down to the family level. Generic names have not been presented though analysed because such a presentation would not be complete, as the names of fossil genera belonging to the examined taxa were not listed in detail in Systema Porifera. Besides, the thorough analysis of all names given to the c. 1700 genera (extant and fossil) and 7000 species of Porifera is an enormous task and beyond the scope of the present paper. The Greek words used for the formation of terms and names have been listed and their English translation given. English translation of the Greek words not included in this analysis is given in the text.
The items of Latin origin were also analysed but they are not included in this work. All items of origin other than Greek, denoted 'others', were counted to evaluate the contribution of the Greek element.
RESULTS
The review of sponge terminology and nomenclature brought up a total of 1524 items appearing in the studied texts either as morphological terms (618) given to the different taxa (906) of the phylum Porifera, down to the genus level.
The etymological analysis showed that 73% of the total sponge terminology and nomenclature consisted of Greek elements; 929 (61%) of all the examined items were made exclusively of words borrowed from the Greek language, while 188 more (12%) were hybrids, built of at least one Greek element. Greek elements were found in 67% of the morphological terms and in 78% of the taxa names.
The number of terms for each field of sponge morphology and the number of taxa names for each taxonomic group having a Greek origin are presented in Fig. 1 . It is clear that the contribution of items built of Greek elements in the overall terminology of the different morphological fields varies considerably: it was > 80% in some fields, such as 'hexactinellid skeleton' and 'cytology', reaching 97% in 'lithistid skeleton', but low (18%) in 'macroscopical features'. On the other hand, Greek elements had a similar contribution (varying from 73% to 79%) in the nomenclature of the three classes of Porifera. The variation of the percent participation of Greek elements in sponge terminology and nomenclature is illustrated in Fig. 2 .
The detailed etymological analysis of all morphological terms (Table 1 ) and taxa names (Table 2) , to the family level, including at least one root of Greek origin revealed different patterns of term formation: some Greek words were simply transliterated to give a morphological term, e.g. zygosis, crepis, comma, sigma, labis, calyx, aster, diapason; others were given a Latin or English suffix, e.g. chela, aphodus, olynthus, leuconoid, pore, sponge, style, rhabd, tornote, elastic, clad; most common was the case in which Greek roots were combined to form terms, e.g. mesohyle, prosopyle, pinacoderm, statoblast, sigmacome, tetractine, cyrtanchistra, rhabdostyle, sigmaspire. Taxa names were formed in the same way with the addition of the proper ending (-ida or -idae), e.g. Chondrosida, Agelasidae, Dictyoceratida, Microcionidae, Halisarcidae. A few names were derived from place names (Mycalidae, Niphatidae, Samidae) or from mythic characters (Timeidae, Clionaidae). Examples of terms or names of mixed origin (hybrids) are: lobodigitate, crateriform, aspidoplumicome, exhalant system, Calcifibrospongiidae, Desmacellidae. The 313 Greek words used in the formation of morphological terminology and suprageneric taxa names are listed in Table 3 . Of these, 147 were used exclusively in the formation of morphological terms, 101 were incorporated only in taxa names and 65 appeared in both groups. More than 70% of the words were found to be used only once or twice to form a term, whereas only six words (aster, skeleton, actino-, -cyte, sponge, micro-) were used > 20 times.
The analysis of the establishment of new taxa by the various authors in time (Fig. 3 ) demonstrated a temporal change in the number of names given to taxa of Porifera and in the percentages of taxa names having a Greek origin. Taxon naming was shown to be very intensive during the years 1860-90. The contribution of the Greek element in sponge nomenclature in all decades from 1759 to present was higher than 65%, with a slightly decreasing trend during the last two decades.
DISCUSSION
The taxonomists who first established a sponge terminology around the end of the 18th century, i.e. Sollas, Ridley, Dendy and von Lendenfeld, pursued the important task of setting up a common scientific phraseology, hoping to reduce the differences between the existing languages by using terms with a common signification. 'Since Greek lends itself more readily to the construction of compound words we have made use of it in preference to Latin', Sollas (1888) states in his basic work on the Challenger Expedition sponges, and stresses the concern Table 2 . Etymological analysis of sponge nomenclature including all taxa down to the family level (taxa names were recorded according to Systema Porifera by Hooper & van Soest, 2002) . Words in brackets are of origin other than Greek or Latin. Numbers in parentheses correspond to the numbered terms of Table 3 Table 2 . Continued of the scientific group '. . . to make as little changes as possible in adapting their terms from the Greek, so that they might be used with the same universality as say those of human anatomy'. At about the same age, very important for the classification of calcareous sponges and the relevant terminology were the works by Haeckel (Manuel et al., 2002) who also used Greek elements. Updates of sponge terminology were given by Borojevic et al. (1968) and Boury-Esnault & Rützler (1997) . New characters are continuously brought to light by methods such as scanning electron microscopy (see De Vos et al., 1991) and recent sponge biologists have been also using Greek elements to create new terms (e.g. Tabachnick & Reiswig, 2002) . According to our results (Fig. 2) , the contribution of Greek elements in sponge terminology was found to be > 52% in all the examined fields, except for 'macroscopical features'. The reduced use of Greek roots in terms assigned to the 'macroscopical features' of sponges may be because most of them are terms generally used in morphology, not to sponges specifically (e.g. erect, excavating, lamellate, honeycombed, perforating, turbinate, ribbed).
Furthermore, the early sponge taxonomists such as Schmidt, Gray, Schulze, Sollas, Carter, Dendy, and Topsent, who established many taxa, used Greek roots in the formation of (c. 250) supraspecific taxa names. Their contribution was illustrated by the high percentages given for the period from 1860 to 1890 in Fig. 3 . Peaks in the contribution of Greek elements in sponge nomenclature are noticeable during the years 1911-30 and 1951-80, owing mostly to the works by Topsent and Schrammen in the first case, and by de Laubenfels, Vacelet and Berguist in the second. Although sponge systematics has undergone revisions, the names given to the various taxa are more or less retained in the recent literature as is their Greek origin. Greek roots are still used in higher taxa names (see Berguist, 1995; Pisera & Levi, 2002; Sará, 2002) . The use of Greek in sponge nomenclature, however, seems to have decreased slightly in the last two decades. This decline is possibly because classical Greek has ceased to be a required subject in colleges and universities, even in its native land. In all three classes of Porifera, > 73% of the supraspecific taxa had a Greek root, this becoming 78% for the total nomenclature of Porifera. Note that 5% of the total taxa examined were named after distinguished sponge biologists, e.g. Grantiidae, Lendenfeldia, Schulzeviella, and Vaceletia. The present study has illustrated for the first time the contribution of the Greek language to sponge terminology and nomenclature. A highly representative part of both fields was examined in detail, revealing that a considerable number of Greek words participated in the formation of morphological terms and higher taxa names, 73% of which was found to consist of Greek elements. In this analysis, a variety of terms were not included:
(1) The names given to taxa of the species level.
Although not analysed in the present work, the species names of Porifera often include Greek roots which accurately describe their morphology, e.g. Erylus discophorus (δίσκoς = disc + ϕέρω = bear), Haliclona rhizophora ( \ ρίζα = root + ϕέρω = bear), Mycale syrinx (σύριγξ = tube), Plakina monolopha (µoνóς = single + λóϕoς = tuft), P. dilopha (δι-= bi −+ λóϕoς = tuft), P. trilopha (τ ι-= tri-+ λóϕoς = tuft), their habitat e.g. Myrmekioderma spelea (σπήλαιoν = cave) or their reactions e.g. Aplysina aerophoba (α ,ή = air + φóβoς = fear).
(2) A series of rejected taxa names, despite having a Greek origin, e.g. the family names Leiodermatidae, Coscinospongidae, Discodermatidae, Daedalopeltidae. (3) The terminology and nomenclature used in the classification of the fossil Sphinctozoa (σϕιγκτóς = tight + ζωoν = animal) and Archaeocyatha (άρχαιoς = ancient + κύαθoς = a small ladle used to serve the wine) related to Porifera. A brief examination of taxa names, down to the family level, in these two groups, according to Senowbari-Daryan & García-Bellido (2002) and Debrenne, Zhuralev & Kruse (2002) respectively, showed that about 78% of them contained a Greek root in Sphinctozoa and about 95% in Archaeocyatha (the base '-cyath-' was present in most taxa). These percentages are equal to or higher than the 78% calculated for the taxa analytically examined in the present work. The Greek words used for the formation of taxa names in the above groups were sometimes very descriptive, e.g. Gigantothalamidae (γίγας = giant + θάλαµoς = chamber), Polyedridae (πoλύς = a lot of + \ εδρα = side), Ascosymplegmatiidae (α , σκóς = skin bag + σύµπλεγµα = complex, cluster), Maiandrocyathidae (µαίανδρoς = meander + κύαθoς = a small ladle used to serve the wine), Ethmophyllidae (η , θµóς = filter, strainer + ϕύλλoν = leaf ), Bronchocyathidae (βρóγχια = the bronchial tubes + κύαθoς = a small ladle used to serve the wine), Coscinoptyctidae (κóσκινo = sieve + πτύξ = fold), Syringocnemididae (σύριγξ = tube + κνηµίς = greave). The process of tracing Greek roots in sponge terminology was not always an easy task. In several cases problems arose which required adequate knowledge of sponge morphology. The term 'leuconoid' for instance, which easily could be referred to the Greek word 'λευκóς' (= white), was correctly attributed to the word 'λεύκη' meaning 'a disease like elephantiasis' when considering the sponge structure it describes: clusters of small choanocyte chambers. The base 'desma-' used in the formation of taxa names such as, Desmanthidae, Desmacellidae, Desmacididae, and Desmoxyidae was translated either as 'δεσµóς' (= tie, bond) in the first family or as 'δέσµη' (= bundle) in the other three, depending on the skeletal type it describes: either interlocked megascleres (= desmas) or bundles of spicules.
These difficulties demonstrate the need of expertise in a work of this kind besides a good knowledge of the Greek language.
The fact that 212 Greek words were used in the formation of 618 morphological terms against 166 used in the formation of 224 suprageneric taxa names shows the higher diversity of Greek elements in sponge nomenclature than in sponge terminology. This is because several morphological terms are formed from a standard base with the addition of different words as prefixes or suffixes. For example the word 'aster' is used in the formation of 21 terms such as 'oxyaster', 'selenaster', 'spheraster', 'spiraster', etc.
The terminology and nomenclature of sponges are good examples of the extensive contribution of the Greek language to zoology. The participation of Greek elements in sponge nomenclature (78%), as shown in the present work, is comparable with that found for zoological nomenclature in general. Konstantinidis (2001) gives an estimation of 74% (195 779 names) for the participation of integral or compound Greek words in the names given to animal taxa from 1758 to 1994, as recorded in the Nomenclator Zoologicus of the Zoological Society of London. The wide use of Greek words in this field of biology is reflected by the set of rules in The international code of zoological nomenclature (Ride et al., 1985) for their transliteration and latinization.
A synopsis of the main characteristics of the phylum Porifera, written almost entirely in 'borrowed' Greek, is presented as an epilogue:
'Sponges are Metazoa classified in the phylum Porifera. They are benthic organisms and their organization is based on a system of pores and canals. Their metabolism, gamete release, and physiology in general, depend on the water movement through this aquiferous system. They appear in three basic morphological types: asconoid, syconoid and leuconoid and they are asymmetrical or radially symmetrical. Three layers form their somatic wall: the pinacoderm, made of pinacocytes, the choanoderm formed of choanocytes and, in between, the mesohyl. In the mesohyl various cell types exist, such as: archaeocytes, lophocytes, sclerocytes, spongocytes, myocytes, collencytes, etc. The sponge skeleton is secreted and organized in the mesohyl and can be organic or inorganic. The former may have the form of collagen fibrills or of spongin. The latter is made either of calcium carbonate or of silica and its most characteristic type is the spicule skeleton. Sponge spicules are termed megascleres or microscleres and can be monaxones, diaxones or monactinal, diactinal, etc, according to the number of axes or rays. Some typical sponge spicules are: oxeas, styles, strongyles, asters, sigmas, triaenes, chelas, toxa, anchors, discs and desmas. The phylum Porifera includes three classes: Calcarea, Demospongiae and Hexactinellida. The skeleton architecture and the type of sclerites are very important for their classification. Sponges are filter-feeding organisms and can live symbiotically with cyanobacteria and zooxanthellae, which supplement their diet through photosynthesis. They are either hermaphroditic or gonochoristic and their larvae are of various types including parenchymella and amphiblastula'.
